Abstract. In this paper we present a new hybrid method, called SASP method. We propose the hybridization of two methods, the simulated annealing (SA), which belong to the class of global optimization based on the principles of thermodynamics, and the descent method were we estimate the gradient using the simultaneous perturbation. This hybrid method gives better results. We use the Normal Boundary Intersection approach (NBI) based on the SASP method to solve a portfolio optimization problem. Such problem is a multi-objective optimization problem, in order to solve this problem we use three statistical quantities: the expected value, the variance and the Conditional Value-at-Risk (CVaR). The purpose of this work is to find the efficient boundary of the considered multi-objective problem using the NBI method based on the SASP method.
Introduction
Mean-risk models are still the most widely used approach in the practice of portfolio selection. With mean-risk models, return distributions are characterized and compared using two statistical quantities: the expected value and the value of a risk measure. Thus, mean-risk models have a ready interpretation of results and in most cases are convenient from a computational point of view. On the other hand in the practice of describing a distribution by just two parameters involves great loss of information. It is well known that the risk measure plays an important role in making the decisions. Variance was the first risk measure used in mean-risk models (Markowitz 1952 [5] ) and, in many proposals of new risk measures. Another risk measure, the Conditional Value-atRisk (CVaR) ( [1] , [2] , [7] )), is growing in popularity. CVaR has attractive theoretical properties: it controls the magnitude of losses beyond VaR and it is coherent. In this paper we propose to solve the problem of portfolio selection, by using the NBI [3] approach based on a new hybrid algorithm SASP, implemented in Matlab.
The Mean-Variance-CVaR model
Now a model for portfolio selection is proposed, in which random variables are described by three statistical quantities: the expected value, the variance and the CVaR . We claim that taking three parameters into consideration, instead of two, gives a better modelling power. The proposed model may bring an improvement in the solution, in the case where a mean-variance efficient portfolio has an excessively large CVaR, or a mean-CVaR efficient portfolio has an excessively large variance. In the mean-variance-CVaR model, a random variable R x is preferred to a random variable R y if:
The Mean-Variance-CVaR model can be formulated as follows:
To solve this problem we use the NBI approach based on a hybrid method SASP.
The SASP method
The SASP method is used to find the global optimum. The proposed method (SASP) is obtained by hybridization of the two methods, the simulated annealing algorithm [4] and the descent method where the gradient [6] is estimate by using the simultaneous perturbation.
First of all, we use the gradient method to find a local solution, to escape from this local solution we use some iterations of simulated annealing algorithm to find the first better point, then we take this better point as an initial point and begin a new research with the gradient method. This procedure goes on until convergence and finally we find the global solution, see Figure 1 
Numerical Example

Benchmark functions
To illustrate the efficiency of the proposed Hybrid method SASP, we propose to solve some test functions. These test functions have different features like convex/nonconvex, continuous, unimodal/multi-modal etc, with known global optima, with multiple local minima. Finally, our proposed technique have been compared with some existing methods and the comparative study is 
Portfolio example
Let (ONA, GAZ, SAMIR, ATWB) be the assets, quoted in the Casablanca Stock Exchange, with history of 2 years(01/2007 -12/2008). We use the NBI method based on the hybrid method to find the efficient frontier of the mean-variance-CVaR model (P ). The results are provided by Figure 2 . As we can see, from Figure 2 , it is clearly that the NBI, based on the hybrid method, parametrization of the efficient frontier naturally bears the property of even spread. Also the figure can be shown that our approach guarantees uniform distribution and exclude the non-Pareto and local Pareto points.
Conclusion
A new hybrid method is proposed in this paper, called SASP method. The hybridization of two methods, the simulated annealing, and the descent method were we estimate the gradient using the simultaneous perturbation. We have tested the proposed algorithm with other algorithms using some Benchmark functions, and the numerical results confirm that our SASP has powerful ability to find global optimums. In this work, we proposed also the Normal Boundary Intersection approach (NBI) based on the SASP method to solve a portfolio optimization problem. The problem of selecting an efficient solution of these models is multi-objective. We chose CVaR because it measures the average loss over a specified number of worst cases.
